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Description 

Back Gate FinFET SRAM 

Background of Invention 
[0001] 1. Technical Field 

[0002] The present invention relates to back gate transistors, and 
more particularly, to back gate transistors fabricated us- 
ing FinFET technologies. 

[0003] 2. Related Art 

[0004] Dopant fluctuations are becoming a serious problem in Vt 
(threshold voltage) control in advanced semiconductor 
devices. As semiconductor devices become smaller and 
smaller, Vt control becomes more difficult. A known solu- 
tion is to use back gates in the semiconductor devices to 
control Vt. One serious problem with this solution is that 
the use of back gates in semiconductor devices results in 
increased layout complexity, and therefore, higher cost. 

[0005] Therefore, there is a need for a novel semiconductor 

structure in which back gates are formed with relatively 
less layout complexity. Also, there is a need for a method 



for forming the novel semiconductor structure. In addi- 
tion, there is always a need to increase the device density 
of the novel semiconductor structure. 
Summary of Invention 

[0006] The present invention provides a semiconductor structure, 
comprising (a) a semiconductor substrate; and (b) N sub- 
structures on the substrate, N being a positive integer, 
each of the N substructures comprising (i) first and sec- 
ond FinFET active regions, wherein the first FinFET active 
region includes at least first and second devices, and (ii) a 
back gate region abutting and being sandwiched between 
the first and second FinFET active regions, wherein the 
back gate region is shared by the first and second devices. 

[0007] jhe present invention also provides a method for forming 
a semiconductor structure, the method comprising the 
steps of (a) providing a semiconductor region directly on 
an underlying electrically isolating layer, the semiconduc- 
tor region being covered on top by a mandrel and a 
spacer; (b) forming a back gate region separated from the 
semiconductor region by a back gate isolating layer and 
covered by an inter-gate isolating layer; (c) removing a 
portion of the semiconductor region beneath the mandrel 
so as to form an active region adjacent to the removed 



portion of the semiconductor region; and (d) forming a 
main gate region in place of the removed portion of the 
semiconductor region and on the inter-gate isolating 
layer, the main gate region being separated from the ac- 
tive region by a main gate isolating layer and being sepa- 
rated from the back gate region by the inter-gate isolat- 
ing layer. 

[0008] The present invention also provides a method for forming 
a semiconductor structure, the method comprising (a) 
providing a substrate with an isolating layer including a 
semiconductor layer directly on top of an underlying elec- 
trically isolating layer; (b) forming a mandrel and first and 
second spacers on top of the semiconductor layer, the 
mandrel being sandwiched between the first and second 
spacers; (c) etching portions of the semiconductor layer 
not covered by the mandrel and the first and second 
spacers; (d) forming a back gate isolating layer on ex- 
posed surfaces of the semiconductor layer; (e) depositing 
a gate material on the structure and planarizing a top sur- 
face of the structure such that the mandrel is exposed; (f) 
selectively forming an inter-gate insulating layer on the 
gate material such that the mandrel is still exposed to the 
atmosphere; (g) removing the mandrel; (h) etching the 



semiconductor layer under the removed mandrel so as to 
form first and second active regions being aligned with 
the first and second spacers, respectively; (i) forming a di- 
electric layer on exposed surfaces of the gate material; 
and (j) depositing the gate material on the structure so as 
to form a main gate region. 
Brief Description of Drawings 

[0009] FIGs. 1A-1F illustrate a semiconductor structure after 

each of a series of fabrication steps, in accordance with 

embodiments of the present invention. 
[0010] FIG. 2 illustrates a top view of another semiconductor 

structure that utilizes the semiconductor structure of FIG. 

IF. 

Detailed Description 

[° 011 ] FIGs. 1A-1F illustrate a semiconductor structure 100 after 
each of a series of fabrication steps, in accordance with 
embodiments of the present invention. FIG. 1A illustrates 
the structure 100 after a mandrel 140 and spacers 130a 
and 130b are formed on an SOI (Substrate On Isolation) 
wafer 110,115. In one embodiment, the SOI wafer 
110,115 may comprise an underlying electrically isolating 
layer 110 (e.g., a buried oxide layer), a silicon (Si) layer 



115 directly on top of the underlying electrically isolating 
layer 110, and a silicon substrate (not shown for simplic- 
ity) below the electrically isolating layer 110. In one em- 
bodiment, the spacers 130a and 130b can comprise sili- 
con dioxide (Si0 2 ). The mandrel 140 can comprise silicon 
nitride. The mandrel 140 and the spacers 130a and 130b 
are used to protect the portion of the Si layer 115 beneath 
it during later fabrication steps. In addition, the spacers 
130a and 130b are used to define two active regions in 
the Si layer 115 (described infra). 
[0012] FIG. IB illustrates the structure 100 after an etching step 
followed by a thermal oxidation step are performed on the 
structure 100 of FIG. 1A, in accordance with embodiments 
of the present invention. More specifically, during the 
etching step, portions of the Si layer 115 not protected by 
the mandrel 140 and the spacers 130a and 130b are 
etched away. As a result, the Si layer 115 (FIG. 1A) is re- 
duced to the Si region 120 (FIG. IB). In the ensuing ther- 
mal oxidation step, some Si material of the Si region 120 
exposed to the atmosphere reacts with oxygen at high 
temperatures to form back gate isolating layers 132a and 
132b. 

[0013] FIG. 1C illustrates the structure 100 after a back gate de- 



position step followed by a planarization step, and then a 
thermal oxidation step are performed on the structure 
100 of FIG. IB, in accordance with embodiments of the 
present invention. More specifically, in the back gate de- 
position step, a layer (not shown) of a gate material (such 
as poly-silicon) is deposited upon the entire structure 100 
of FIG. IB. Then, the top surface of the structure 100 is 
planarized such that the mandrel 140 is again exposed to 
the atmosphere. A surface where fabrication steps are di- 
rected is called a top surface. At this time, the layer of the 
gate material is reduced to regions 150a, 150b, 160a, and 
160b (wherein regions 150a and 150b are also shown in 
FIG. 2). Then, in the thermal oxidation step, some Si ma- 
terial of the layer 150a,150b,160a,160b of the gate mate- 
rial exposed to the atmosphere reacts with oxygen at high 
temperatures to form inter-gate isolating layers 160a and 
160b. Hereafter, the poly-silicon regions 150a and 150b 
are referred to as the back gate regions 150a and 150b, 
respectively. 

[0014] FIG. ID illustrates the structure 100 after the mandrel 140 
and a portion of the Si region 120 are removed from the 
structure 100 of FIG. 1C, in accordance with embodiments 
of the present invention. More specifically, first, the man- 



drel 140 can be etched away by, illustratively, chemical 
dip or Reactive Ion Etching (RIE). Then, the portion of the 
Si region 120 beneath the removed mandrel 140 is etched 
away, such as by RIE etching, typically using halogen- 
based chemistries. In this fabrication step, the spacers 
130a and 130b are used as spacers to define the Si re- 
gions 120a and 120b, respectively. Hereafter, the Si re- 
gions 120a and 120b are referred to as the FinFET active 
regions 120a and 120b, respectively. 
[0015] FIG. IE illustrates the structure 100 after a thermal oxida- 
tion step followed by a main gate deposition step are per- 
formed on the structure 100 of FIG. ID, in accordance 
with embodiments of the present invention. More specifi- 
cally, in the thermal oxidation step, some Si material of 
the FinFET active regions 120a and 120b exposed to the 
atmosphere reacts with oxygen at high temperatures to 
form Si0 2 regions 134a and 134b, respectively. Hereafter, 
the Si0 2 regions 134a and 134b are referred to as the 
main gate isolating layers 134a and 134b, respectively. 
Then, in the main gate deposition step, a layer 170 of a 
gate material (such as poly-silicon) is deposited upon the 
entire structure 100. Then, a portion of the layer 170 is 
removed so as to form the main gate region 170 as shown 



in FIG. IF. 

[0016] During the fabrication steps described above, dopants can 
be introduced so that the resulting FinFET active regions 
120a and 120b can comprise different transistors or de- 
vices. The structure 100 of FIG. IF may contain multiple 
FinFETs (Fin Field Effect Transistors). Because the FinFET 
active regions 120a and 120b occupy little area on a 
wafer, the structure 100 has a relatively high device den- 
sity. 

[0017] FIG. 2 illustrates a top view of a semiconductor structure 
200 that utilizes the semiconductor structure 100 of FIG. 
IF. More specifically, FIG. IF illustrates a cross sectional 
view along the line 1F-1F shown in FIG. 2. For simplicity 
purposes, only FinFET active regions (such as the FinFET 
active region 210) and the gate regions (such as the main 
gate region 170 and the back gate regions 150a and 
150b) are shown in FIG. 2. Isolating layers (such as the in- 
ter-gate isolating layers 160a and 160b of FIG. IF) are 
omitted in FIG. 2. 

[0018] with reference to FIG. 2, in one embodiment, each back 
gate region of the semiconductor structure 200 is shared 
by (i.e., abuts), is sandwiched between, and runs along 
two FinFET active regions. For instance, the back gate re- 



gion 150a is shared by and sandwiched between the Fin- 
FET active regions 210 and 120a. The phrase "runs 
along"means that the back gate region is shared by at 
least two devices that reside in the same FinFET active re- 
gion. For instance, the back gate region 150a is shared by 
at least two transistors M4 and M7 which both reside in 
the same FinFET active region 120a. In other words, the 
back gate region 150a runs along the FinFET active region 
120a. Similarly, the back gate region 150a is also shared 
by at least two transistors M8 and M9 which both reside in 
the same FinFET active region 210. In other words, the 
back gate region 150a runs along the FinFET active region 
210. 

[0019] | n one embodiment, two FinFET active regions sharing the 
same back gate region have transistors of the same chan- 
nel type. In other words, both of the two FinFET active re- 
gions have only either n-channel transistors or p-channel 
transistors (but not both). For example, both the FinFET 
active regions 210 and 120a may have only n-channel (n 
type) transistors. 

[0020] | n 0 ne embodiment, each main gate region of the semi- 
conductor structure 200 crosses over at least two FinFET 
active regions and forms devices (i.e., transistors) with 



them. For instance, the main gate region 276 crosses over 
at least two FinFET active regions 210 and 120a and forms 
with them the transistors M8 and M4, respectively. Simi- 
larly, the main gate region 170 crosses over two FinFET 
active regions 120a and 120b and forms with them the 
transistors Ml and M2, respectively. 
[0021] | n one embodiment, the semiconductor structure 200 can 
comprise multiple SRAM (Static Random Access Memory) 
memory cells. For instance, the transistors Ml, M2, M3, 
M4, M5, and M6 residing in four FinFET active regions 
120a, 120b, 212, and 214 and abutting (i.e., sharing) 
three back gate regions 150a, 150b, and 150c can be 
electrically coupled together so as to form an SRAM mem- 
ory cell 270. In general, one or more transistors of an 
SRAM memory cell can reside in one active region and 
share one back gate region. Also, it should be noted that 
the configuration layout of the SRAM memory cell 270 is 
just one example of an SRAM memory cell layout. More- 
over, 6-transistor SRAM cells are only one type of SRAM 
cells. In general, an SRAM cell can have any number of 
transistors (e.g., three, eight, twelve, etc.) Regardless of 
its number of transistors, an SRAM cell can have many op- 
tions for different layout and use of shared back gate re- 



gions. 

[0022] | n summary, with each back gate region running along 

(i.e., in parallel) and being shared by two FinFET active re- 
gions, each of which has multiple main gates crossing 
over in perpendicular directions, chip area is effectively 
used while Vt of the devices can be controlled using the 
back gate regions. Moreover, the fin-shaped active re- 
gions further save chip area. In other words, the present 
invention uses the FinFET technology with shared back 
gates to achieve the advantages of back gates while main- 
taining good device density and reasonable costs. 

[0023] while particular embodiments of the present invention 
have been described herein for purposes of illustration, 
many modifications and changes will become apparent to 
those skilled in the art. Accordingly, the appended claims 
are intended to encompass all such modifications and 
changes as fall within the true spirit and scope of this in- 
vention. 



